To study the trends in overweight and obesity among Finnish adolescents in 1977Finnish adolescents in -1999. DESIGN: Mailed surveys every other year. SUBJECTS: Nationally representative samples of 12, 14, 16 and 18-y-olds (n ¼ 64 147, response rate 78.9%). METHODS: Overweight and obesity were measured by body mass index (BMI) and relative weight (RW) based on self-reported height and weight. BMI the 85th percentile cut-off point for BMI in each age-and sex-specific group in the entire data set was considered as overweight, and BMI 95th percentile cut-off point as obesity. RW 110% and 120%, calculated as the individual's weight divided by the mean weight in each age-and sex-specific height percentile group in the entire data set, were considered as overweight and obesity, respectively. The trends in overweight and obesity are described by the change in the 85th and 95th percentile cut-off points of BMI over time. The prevalence of overweight and obesity is also reported using BMI reference values recommended for international comparisons. Because of the similarity of the BMI and the RW criteria in classifying adolescents as overweight and obese, only results based on BMI are presented. RESULTS: Overweight and obesity increased linearly in all sex and age groups from 1977 to 1999. Depending on the age group, the average increase in the 85th percentile cut-off point of the BMI per 10 y was 0.6 -1.1 kg=m 2 in boys and 0.3 -0.7 kg=m 2 in girls. The 95th percentile cut-off point of the BMI for boys and girls increased by 1.1 -1.6 kg=m 2 and by 0.6 -1.0 kg=m 2 per 10 y, respectively. In boys, the increase in overweight and obesity was largest in the two youngest age groups. In girls, the increase in overweight was largest in the oldest age group, and that of obesity both in the 14 and 18-y-olds. Overweight and obesity increased more in boys than in girls in all age groups except in the 18-y-olds among whom the increase was similar in both sexes. Examination of the entire BMI distribution showed that there was little or no change over time at the lower (5th, 15th) and middle (50th) percentiles, but increasing differences at the upper end of the distribution, the increases in the 95th percentile being even more marked than those in the 85th percentile curves. According to international reference values, the agestandardized prevalence of overweight increased in boys from 7.2 to 16.7%, and in girls from 4.0 to 9.8%, between 1977 and 1999. The prevalence of obesity in boys was 1.1% in 1977 and 2.7% in 1999, and in girls 0.4 and 1.4%, respectively. CONCLUSION: Overweight and obesity increased remarkably among Finnish adolescents from 1977 to 1999. The changes concentrated at the upper end of the BMI distribution, suggesting that factors behind this development have influenced only a part of the adolescent population.
Introduction
Obesity in adulthood is a known risk factor for several chronic diseases. Obese children and adolescents may also be at increased risk of subsequent morbidity and mortality in adulthood. 1, 2 It has been shown that several risk factors of, for example, cardiovascular and other chronic diseases, such as hyperlipidemia, hyperinsulinemia, hypertension and early atherosclerosis, are associated with childhood and adolescent obesity. 3, 4 A new finding is that it may also be associated with an increased risk of type 1 diabetes in childhood. 5 In addition to somatic illnesses, obesity in childhood and adolescence may cause psychosocial and economic problems. 6, 7 It also seems that obesity in childhood and adolescence tracks into adulthood. 2,8 -10 Adolescence seems to be one of the critical periods in the development of obesity, 11 and may thus be related to morbidity and mortality in adulthood in an indirect way.
There is evidence showing that overweight and obesity in childhood, adolescence and adulthood are increasing rapidly worldwide. Increasing trends among children and adolescents have been observed, for example, in England and Scotland, 12 Spain, 13 Sweden, 14 Denmark, 15 Australia 16 and in the USA. 17 -19 According to a study of about 2500 Finnish children and adolescents aged from 9 to 18 y, the prevalence of obesity did not change from 1980 to 1986, 20 whereas an increase in BMI was observed during 1980 -1992 in a subsample of 15 and 18-y-olds of the same study. 21 In the nationally representative Adolescent Health and Lifestyle Survey, information on height and weight of 64 147 12 to 18-y-old Finns was collected for a time period of 22 y (1977 -1999) . The aim of the present study is to describe the trends in overweight and obesity, and the changes in the overall body mass index (BMI) distribution of Finnish adolescents over two decades.
Methods
The data were collected as a part of a nationwide monitoring system of adolescent health and health behaviors, the Adolescent Health and Lifestyle Survey. Self-administered questionnaires were mailed to nationally representative samples of 12, 14, 16 and 18-y-olds with two re-inquiries to nonrespondents. The samples were obtained from the Population Register Center and were based on particular dates of birth with a maximum difference in birth date of 18 days within each age group, so that all Finns born on sample days were included. The mean ages of respondents were 12.6, 14.6, 16.6 and 18.6 y. Data were collected in February every second year since 1977. The timings of the study, sampling and data collection methods were similar throughout the study period. The numbers of respondents ranged from 2832 in 1977 to 8390 in 1997 (Table 1) . The overall response rate declined from 88% in 1977 to 76% in 1999. The girls' response rate was higher than 80% in all the age groups throughout the study period. The boys' response rate decreased from 86% in 1977 to 67% in 1997, but rose again to 69% in 1999. Among the 18-y-old boys the decrease was larger than in the younger age groups.
The adolescents were asked to enter in the questionnaire their height in centimeters and their weight in kilograms. Weight and height data were available for all the study years except for 1981. The total number of subjects in the data set was 66 211, of which 2058 (3.1%) were excluded from all the analyses because of missing weight and=or height data, and six because of reporting unrealistic weight values ( < 20 kg). The proportion of missing height and weight data was approximately 2 -3% in each study year, with the exception of 4% in 1995 and 6% in 1999.
BMI was calculated by dividing weight in kilograms by the square of height in meters (kg=m 2 ) for each adolescent. According to the BMI criteria, an adolescent was defined as overweight if his or her BMI was equal to or more than the 85th percentile cut-off point for BMI in the corresponding age-and sex-specific group in the entire data set. To define obesity, the 95th percentile cut-off point for BMI in the corresponding age-and sex-specific group in the whole data set was used.
Relative weight (RW) of an adolescent was calculated by dividing the individual's weight by the mean weight in the corresponding age-and sex-specific height percentile group in the whole data, and by multiplying the result by 100 to express the RW in percentages. 22 An adolescent was considered as overweight if his or her RW was equal to or more than 110%, and as obese if the RW was equal to or more than 120%.
In our own data set the BMI and the RW reference values classified 96.6 and 97.8% of the adolescents into the same category of overweight and obesity, respectively (Table 2) . 23 were also used to produce internationally comparable estimates of the prevalence of overweight and obesity. The BMI cut-off point values for 12.5, 14.5, 16.5 and 18-y-olds were used, as they were closest to the mean ages of the respondents in our study.
Use of self-reported data When comparing self-reported information with measured anthropometric data, it seems that weight is often underreported, more by girls than by boys, and that overweight adolescents underestimate their weight more than those whose weight is normal. Height seems to be more often over-than under-reported. As a consequence, BMI values based on self-reported height and weight tend to be somewhat underestimated, which in turn may lead to misclassification of overweight and obese adolescents. 24 -26 The self-reported height and weight data in the present study has not been validated. However, our results on the mean height, weight and BMI of 12 and 18-y-old boys in 1979 were nearly the same than those of another Finnish study with measured growth data in 1980, 27 whereas in the respective age groups of girls, height was on average somewhat higher in our study (by 0.8 and 0.4 cm), and weight (by 0.6 and 0.4 kg) and BMI (by 0.4 and 0.2 kg=m 2 ) were somewhat lower. Among the 18-y-old boys the median BMI was 0.6 kg=m 2 higher but the 95th percentile 1.7 kg=m 2 lower in our study. For the girls, the median was 0.3 kg=m 2 and the 95th percentile 0.7 kg=m 2 lower in the present study. Possible explanations for these observations are the bias associated with self-reporting, a slightly different mean age of the study subjects (12.6 and 18.6 y in our study vs 12.3 and 18.3 y in the other one), and the non-representativeness of the sample in the other Finnish study. Preliminary examination of the frequency distributions of height and weight in our data suggested a digit preference in both measures (ie a tendency to report height and weight in digits ending in zero or five), which may have some effect on the bias related to selfreported height and weight data. 24 
Repeatability study
To study the reproducibility of the self-reported data in the Adolescent Health and Life Style survey, repeatability studies were conducted in 1993, 1995 and 1997. Sub-samples were selected from the original subject series by systematic sampling (every fifth person, randomizing the first one). In 1993, 16-y-olds (n ¼ 236), in 1995, both 16 and 18-y-olds (n ¼ 278 and 464, respectively), and in 1997, 14-y-olds (n ¼ 215) were studied. The same questionnaire was sent to the respondents of the actual questionnaire 4 weeks after they had received the actual one. Concerning weight and height data, 97, 96 and 93% of the adolescents answered both questionnaires in 1993, 1995 and 1997, respectively. The two height and two weight values reported by the same adolescents with a 4 to 7-week interval between the responses were compared. The difference of means (second minus first measurement) in self-reported weights was positive in all the age groups studied, both in the boys (the differences in age groups ranged from 0.27 to 0.49 kg) and in the girls (from 0.02 to 0.26 kg). The largest and the only statistically significant difference of means was observed in the 14-y-old boys (0.49 kg). Concerning height, the difference of means was positive in the 14-y-old boys (0.42 cm), and in the girls aged 14 and 16 y (0.21 and 0.11 cm, respectively), and negative in the other groups (from 7 0.17 to 7 0.01 cm). However, none of the differences of means in self-reported height were statistically significant. In conclusion, the self-reported height and weight measurements are repeatable given a 4 -7 week lag time in the responses. Even if there was some bias caused by misreporting in our study, it would only mean that the true proportions of overweight and obese adolescents in the population are somewhat higher than the observed ones. Furthermore, unless the misreporting has changed over the study period, the possible bias is the same over time and does not affect the time trends observed. To our knowledge, no data on this matter exist. Trends in overweight and obesity among adolescents S Kautiainen et al
Assessment of non-response bias
The response rates in the present study were lower in boys and in older age groups, and decreased in all age groups over the study period, more in boys than in girls (Table 1) . There is some evidence in adult men that high BMI may be a risk factor for non-response. 28, 29 Thus, the percentage of obese adolescents might be larger among the non-respondents than among the respondents and, in that case, the prevalence of obesity would be higher in reality than found in this study. The increase in the non-response over time could mean that the discrepancy between the true and observed proportions of the overweight and obese might have increased. The secular trends might also be biased if the association between response rate and obesity had changed during the study period. For example, the response rate might have decreased, especially among the more obese adolescents, as the discussion about the increasing problem of childhood and adolescence obesity has gained more publicity. However, if anything, these possible sources of bias would mean that our results would somewhat underestimate the true change in obesity over time.
We assessed the possible effect of the non-response in our study in a special longitudinal sample of adolescents, consisting of the 12, 14 and 16-y-old respondents of the 1983 survey and an additional sample of 16-y-olds (n ¼ 3660, response rate 83.6%), who were followed from 1983 to 1985. Of these, 3142 adolescents (response rate 85.8%) returned the 1985 questionnaire. When comparing the mean height, weight, BMI and the proportions of overweight and obesity in 1983 between the respondents and the nonrespondents of the 1985 survey, neither the boys nor the girls had any statistically significant associations between the response status and the mean height, weight or BMI. Statistically significant associations were observed only between the response status in 1985 and overweight among the 12-yold boys in 1983 (12.7% of the respondents and 22.2% of the non-respondents were overweight in 1983), and between the response rate in 1985 and obesity among the 16-y-old boys in 1983 (2.5 vs 7.0%, respectively). Thus, the bias caused by non-response seems to be minimal and inconsistent.
Statistical analyses
All analyses were performed separately for boys and girls, and most analyses also separately for the age groups because of the essential differences in growth patterns by sex and age. Direct age-standardization was used for presenting the BMI percentile curves, the trends in height, weight and BMI in the 1980s and 1990s, and the prevalence of overweight and obesity, by giving an equal weight for each age group. Linear regression was used to study secular trends in height, weight and BMI. The regression coefficient that expresses the average change per year was multiplied by 10 to describe the average change per 10 y. In addition to the entire study period, 1977 -1999, linear regression analysis was performed separately for the years 1979 -1989 and 1991 -1999 to compare the secular trends in height, weight and BMI in the 1980s and 1990s. Secular trends in overweight and obesity were described graphically by displaying the 85th and 95th percentile cut-off points for BMI in each year for each sexand age-specific category, and numerically by calculating the average annual change in the corresponding cut-off point between 1977 and 1999, and multiplying that by 10 to get the average change per 10 y. Further, to compare the changes in different BMI percentile cut-off points, linear regression equations were fitted to the 50th, 85th and 95th percentiles of standardized BMI. The statistical significance of the difference in the regression coefficients between different percentiles was assessed by the 95% confidence intervals for the regression coefficients. The paired samples t-test was used to test the statistical significance of the difference of means in height and weight between the actual questionnaire and the repeatability study, and the independent samples t-test to test the statistical significance of the difference of means in BMI between the respondents and the non-respondents of the follow-up study. The chi-square test was used to test whether there were statistically significant associations between response status and overweight or obesity. Values of testing statistical significance are normally not shown, since most of them are highly significant because of the large sample size in this study. SPSS for Windows (Release 9.0.1) software was used for analyses.
Results
The mean height, weight and BMI of Finnish adolescents increased from 1977 to 1999 (Table 3 ). The average change per 10 y in height was 1.3, 1.4, 0.9 and 0.4 cm in the 12, 14, 16 and 18-y-old boys, and 0.6, 0.3, 0.4 and 0.3 cm in the girls, respectively. However, the increase in height slowed down in the 1990s: the age-standardized average change per 10 y was 1.5 cm in the 1980s and 0.0 cm in the 1990s in the boys, and 0.7 and 7 0.1 cm in the girls, respectively. The average change per 10 y in weight was 2.0, 2.4, 2.1 and 1.6 kg in the 12, 14, 16 and 18-y-old boys, and 1.3, 1.1, 1.2 and 1.0 kg in the girls, respectively. The increase in weight also slowed down somewhat during the 1990s (data not shown). The average change per 10 y in the mean BMI was 0.3 -0.5 kg=m 2 depending on sex and age ( Table 4 ). The trend in the mean BMI was positive during both the 1980s and the 1990s, although statistically non-significant in most of the sex -age-groups, and very small in the 14, 16 and 18-y-old girls during the 1990s (data not shown).
Overweight and obesity, measured by the 85th and 95th percentile curves of BMI, respectively, increased almost linearly in all the age groups both in the boys and in the girls from 1977 to 1999 (Figure 1, Tables 3 and 4) . In boys, the increase in overweight was larger among the 12 and 14-yolds than among the older age groups, whereas in the girls, the largest increase was observed in the 18-y-olds. In the 95th percentile curves, the increases were even more marked than in the 85th percentile curves. The largest increases in Trends in overweight and obesity among adolescents S Kautiainen et al obesity were observed in the 14-y-old boys and in the 14 and 18-y-old girls. Both overweight and obesity increased more in the boys than in the girls in all age groups except in the 18-y-olds where the increase was about the same in both sexes.
The 5th, 15th and 50th (the median) percentile cut-off points of BMI changed only a little during the past two decades both in the boys and in the girls (Figure 2 , Table  4 ). The general trend was that, the higher the percentile in question, the steeper the rise in the corresponding percentile curves. Detailed results based on standardized BMI are displayed in Table 5 .
By definition, the 85th and 95th percentile cut-off points for the age-and sex-specific BMI in our entire data set defined approximately 15 and 5% of the adolescents as overweight and obese, respectively. When applying the BMI reference values recommended for international use, 23 the age-standardized prevalence of overweight and obesity was 12.6 and 1.8%, respectively, for the boys, and 8.1 and 1.0% for the girls. Based on these international reference values for BMI, the prevalence of overweight and obesity increased in all the age groups both in the boys and in the girls between 1977 and 1999 ( Table 6 ). The increase in the prevalence of overweight ranged between a 1.8 and a 2.7-fold increase in all the sex and age groups except the 18-y-old girls among whom the increase was 7.3-fold. The relative increase in the prevalence of obesity was even more varying by sex and age, which can be explained by the very low levels measured at the beginning of the study period, particularly among the girls.
Discussion
There was a marked linear increase in overweight and obesity among Finnish adolescents from 1977 to 1999, measured both by the BMI percentile cut-off points in our data and the prevalence rates according to the international BMI reference values. The increase in BMI was considerably larger at the upper end of the BMI distribution, while hardly any change was observed at the lower end. The present study shows that adolescent overweight and obesity has continued to increase in Finland during the 1990s, and also at the end of that decade.
Our results accord well with those of the time trends in overweight and obesity in other industrialized countries. Five nationally representative cross-sectional surveys from Trends in overweight and obesity among adolescents S Kautiainen et al the USA indicated that the prevalence of both overweight and obesity, defined as the BMI at or above the 85th and 95th percentile from the first and the second survey, approximately doubled between 1963 to 1991 among 6 to 17-y-olds. The increases occurred mainly after the year 1980. 17 The prevalence of overweight seems to have further increased from 1991 to 1994. 18 In another US study, conducted in Louisiana from 1973 onwards, a clear trend of increasing weight and overweight in children and adolescents was observed using several measures of overweight. Based on the 85th and 95th percentiles of the initial BMI, the prevalence of overweight approximately doubled in 5 to 24-yolds by 1994. The largest increases in the secular trend were seen during the latter part of the study period (1983 -1994) . 19 Two comparable cross-sectional surveys of Australian 7 to 12-y-old school children, conducted in 1985 and 1997, suggested that the BMI increased on average by 1.0 kg=m 2 over the time interval of 12 y. 16 A trend to higher values of BMI, and prevalence of overweight, was also observed in Spanish 13 to 14-y-old boys, but not in girls, in nine cross-sectional examinations conducted annually from 1985 to 1995. 13 In Sweden, an upward trend in mean BMI (by 1.4 kg=m 2 ), and in the prevalence of overweight (a 2.4-fold increase) and obesity (a 3.5-fold increase) based on the BMI values 25 and 30 kg=m 2 , respectively, were observed among the approximately 18-y-old males in nine cross-sectional studies between 1971 and 1995. 14 The prevalence of obesity (BMI equal or larger than 30 kg=m 2 ) among approximately 18-y-old Danish males born in 1955, 1965 and 1973 -1975 increased threefold, and the mean BMI by 1.4 kg=m 2 during the study period. 15 Data from the latter half of the 1990s on the time trends in overweight and obesity is scarce.
A previous Finnish study 20 found no changes in the prevalence of obesity of about 2500 9 to 18-y-olds over the period of 1980 -1986, based on American BMI criteria. Trends in overweight and obesity among adolescents S Kautiainen et al However, further analyses from a sub-sample of the data suggested an increase in the mean BMI from 20.8 to 21.8 kg=m 2 in 15 and 18-y-olds during 1980 -1992. 21 The slight inconsistency between the findings of the present study and the previous Finnish studies could be explained by the fact that the samples of the previous studies were not nationally representative and suffered from moderate nonresponse in the follow-up.
Among Finnish adults, the mean BMI decreased from 1972 to 1982 in women, and increased from 1972 to 1987 in men, and leveled off in both sexes after that, based on five cross-sectional population surveys carried out among 30 to 59-y-olds in parts of Finland between 1972 and 1992. The distribution of BMI shifted towards higher values in men and towards lower values in women. However, the proportion of severely obese (BMI over 35 kg=m 2 ) did not change in either sex. 30 We examined the 5th, 15th, 50th, 85th and 95th percentile values for BMI over time. An important finding is that the largest increase in the BMI was observed at the upper end of the distribution. There was only little or no increase at the lower percentiles of the BMI during the study period. These findings were generally similar in all the sex and age groups. This increasing right-sided skewness of the BMI distribution over time suggests that only a part of the population has been susceptible to the factors that are behind the increase in overweight and obesity. Similar findings on changes in the skewness of the BMI distribution have been observed in other countries as well. 13 -16,19,31,32 The present study was conducted as several cross-sectional surveys based on nationally representative samples of 12, 14, 16 and 18-y-old adolescents. The data collection, sampling, and timing of the present study were performed in the exactly same way each survey year. By using samples based on consecutive or nearly consecutive birth dates, we were also able to standardize the chronological age of the study subjects very precisely.
Defining and measuring childhood and adolescent overweight and obesity are problematic and vary a lot from one study to another. 33 -36 The workshop on childhood obesity convened by the International Obesity Task Force in 1997 concluded that, although BMI is not a perfect measure in Trends in overweight and obesity among adolescents S Kautiainen et al children because it covaries with height, it was selected as an index of obesity because it is an easy measure of body fat that is reproducible and valid. 37 The choice of the reference population and the respective reference values also affects the comparison of the prevalences and trends of adolescence overweight and obesity with other studies. Choosing a statistical cut-off point (agesex-specific 85th and 95th percentile of the BMI) for overweight and obesity includes an arbitrary assumption that the prevalence of overweight and obesity is initially the same for both sexes and for each age group, which may not be the case in reality. However, the relative trends over time are not dependent on the reference values used. To enable the comparison of the prevalence rates in our study with other studies in the future, we estimated the prevalence rates of overweight and obesity in our own data according to the reference values of the BMI proposed by Cole et al 23 as a new definition of overweight and obesity in childhood for international comparisons.
The reasons for the observed increases in overweight and obesity of adolescents are unclear. Obesity is caused by both genetic and environmental factors. Changes in environmental factors are likely to cause the increasing trends in overweight and obesity, since changes in genes cannot explain such rapid increases. However, the larger increases at the upper end of the BMI distribution raise the question whether some individuals are genetically more susceptible to the changes in these environmental factors than others. Simplified, obesity results from an imbalance between energy intake and energy expenditure. Factors that may be related to the increase of obesity include decreased physical activity and various dietary factors. Among Finnish children and adolescents, the intake of energy, and the percentages of energy contributed by fat, carbohydrates and protein did not change between 1980 and 1992. During that period, the relative intake of saturated fatty acids, dietary cholesterol, starch, lactose and fiber fell, while the intake of mono-and polyunsaturated fatty acids and sucrose increased. 21, 38 In the present study population, physical activity decreased slightly in all age groups from 1977 to 1985, but increased somewhat after that until 1999. The increase was mostly due to increased participation in sports club activities. Perceived intensity of activity and proportion of reporting very frequent physical activity increased slightly during the study period. 39 Increases in physical activity were also observed among 11, 13 and 15-y-olds in another nationally representative Finnish study from 1986 to 1998. 40 These changes are not consistent with the observed increases in overweight and obesity among Finnish adolescents. However, although organized leisure time physical activity has increased, there may be a decrease in lifestyle activity (eg traveling to and from school) and increased sedentary behavior (eg watching TV and playing computer games). Among adult Finns, energy expenditure related to work and to traveling to and from work decreased, while leisure-time exercise activity increased between the 1982 and 1992. 41 The increasing trends in overweight and obesity may be attributable to more than changes in individual behavior. The economic and social structures and the cultural values of the society may have a role in exposing the susceptible individuals to the environmental factors, for example, by affecting dietary habits and physical activity of the individuals, and thus have an effect on the BMI distribution in a population. 31, 42 Similar changes in economic, social and cultural factors as in other industrialized countries have taken place in Finland during the study period which covers more than 20 y, and may thus contribute to the observed trends in overweight and obesity.
In conclusion, overweight and obesity increased remarkably and constantly among Finnish adolescents between 1977 and 1999. The changes were concentrated at the upper end of the BMI distribution, suggesting that only a part of the population is susceptible or exposed to the factors behind this development. Because of their public health importance, trends in overweight and obesity need to be monitored continuously, and factors associated with these trends studied, in order to develop sound health-policy strategies to improve health and prevent obesity.
